OBJECTIVES: To evaluate early outcomes of bilateral internal mammary artery (BIMA) compared with single IMA (SIMA) in patients who underwent isolated coronary artery bypass grafting (CABG).
INTRODUCTION
The use of a multiarterial graft, particularly bilateral internal mammary artery (BIMA), in coronary artery bypass grafting (CABG) has reportedly contributed to better long-term clinical outcomes than single internal mammary artery (SIMA) [1] [2] [3] [4] [5] [6] . Possible delay in chest wound healing and a higher incidence of wound infection, particularly in diabetic patients [7, 8] , are regarded as unresolved issues. It is sometimes technically more demanding to take IMAs in full skeletonized fashion, and this can result in longer operation times, so that the use of BIMA is still underutilized regardless of the clinical benefits. In this study, we clarified the status of BIMA use for CABG in Japan by utilizing the nationwide Japan Adult Cardiovascular Surgery Database ( JACVSD) to compare short-term outcomes between SIMA and BIMA by means of a propensity-matched analysis in order to justify the use of BIMA in our patients.
MATERIALS AND METHODS

Japan Adult Cardiovascular Surgery Database
Data from 210 cardiac surgery units located all over the country (42% of cardiac surgery units in Japan) were captured in the JACVSD registry from January 2008 to December 2009. The method and content of data collection for the JACVSD have been described in previous publications [9, 10] . The data registration project was approved by the institutional review board in each participating hospital. A high level of data collection was successfully achieved for 255 variables with missing data representing <2% of all assembled information. The JACVSD variables and their definitions (available online at http://jacvsd. umin.jp) were identical for the most part to those of the Society of Thoracic Surgeons (STS) National Adult Cardiac Database (available online at http://sts.org) with some partial modifications.
Study population
Patients were divided into to two cohorts according to the pattern of IMA use: the 'BIMA' group and the 'SIMA' group. Patients were further selected according to propensity-score matching within both cohorts, with each of the two groups then consisting of 3851 patients. Preoperative patient characteristics, extent of coronary artery disease and cardiac function as well as short-term outcomes, including 30-day operative mortality and major morbidity and intensive care unit (ICU) length of stay, were investigated and compared between the two groups. A total of 12 229 patients who underwent isolated CABG during the two-year observational period were covered in the JACVSD. A total of 8136 of those procedures (66.5%) were performed with conduits, including SIMA, and 4093 (33.5%) were performed including BIMA. Preliminary comparisons of demographic information and pre-existing morbidities are presented in Table 1 . The BIMA and SIMA groups were significantly different with respect to a majority of preoperative characteristics, so propensity matching was used to provide a more balanced comparison between the two groups.
Statistical analysis
The statistical model was multiple logistic regression with variables entered in the model selected using bivariate tests; Pearson's chi-square test was used for categorical covariates and an unpaired t-test or Wilcoxon rank sum test for continuous covariates. All variables that were significant at the P < 0.2 level were entered into the model provided they were present in ≥2% of the sample. We used propensity-score matching to adjust for differences in baseline characteristics, because patients were not randomly assigned to receive either BIMA or SIMA. We performed a one-to-one matched analysis on the basis of the estimated propensity scores of each patient. Log odds as to the probability of a patient receiving BIMA or SIMA were modelled for potential cofounders, including age, gender and comorbidities. C-statistics were calculated for evaluating the goodness of fit (c = 0.676 [0.666-0.686]). Estimated propensity scores were compared between BIMA and SIMA patients with a 'match' occurring when 1 patient in the BIMA group had an estimated score within 0.6 standard deviation of another patient in the SIMA group. If 2 or more patients in the BIMA group met this criterion, we randomly selected 1 patient for matching. We also performed univariate comparisons of patient characteristics and outcome variables between the propensity-score-matched groups of BIMA and SIMA patients using Fisher's exact test and t-test as appropriate. SPSS version 20.0J software (SPSS Japan, Tokyo, Japan) was used for all analyses. Table 2 presents preoperative patient backgrounds of the total of 7702 selected cases of SIMA and BIMA. The two groups were homogeneous in terms of preoperative risk factors, with an estimated 30-day operative mortality of 2.1% for SIMA patients and 2.0% for BIMA patients (P = 0.312), and an estimated mortality plus morbidity of 11.0 and 10.8%, respectively (P = 0.404). The only exception was preoperative medication, which included more frequent administration of beta blockers and aspirin in the BIMA group. Estimated mortality and morbidity were calculated according to the risk model based on the JACVSD, known as JapanSCORE. Most surgical approaches were also matched by propensity scores to produce two balanced patient cohorts (Table 3) . Approximately three-quarters of each cohort received off-pump CABG, with the other quarter in each group receiving on-pump CABG. Aortic cross-clamp was applied significantly more frequently for on-pump CABG in the SIMA (18.3%) group than the BIMA (16.5%) group (P < 0.05). These results corresponded to the findings for the manoeuvre to the ascending aorta in which significantly more patients underwent surgeries involving the aortic no-touch technique in the BIMA group (17.3 for SIMA and 40.0% for BIMA patients; P < 0.0001). Anastomosis-assist devices were also used quite frequently in each group and significantly more often in the SIMA group (41.3 for SIMA and 18.4% for BIMA patients; P < 0.0001) and thus, a relatively limited number of patients in both cohorts underwent invasive manoeuvres to their ascending aortas. Although preoperative profiles were adjusted including age and gender, a significantly higher number of arteries were bypassed in the BIMA cohort (3.1 for SIMA and 3.4 for BIMA patients; P < 0.0001), resulting in a significantly longer surgical duration for BIMA patients (P < 0.0001). There was no difference in the frequency of homologous blood transfusion between the two groups (49.9 for SIMA and 51.5% for BIMA patients; P = 0.186).
RESULTS
Postoperative mortality and morbidity are compared in Table 4 . Significant differences were observed in the incidence of infection, with deep sternal wound infection (DSWI) being significantly higher in BIMA patients (1.3 for SIMA and 2.3% for BIMA patients; P < 0.001), while the incidence of saphenous vein graft (SVG) harvesting site infection (SVGWI) quite naturally was significantly higher in SIMA patients (2.2 for SIMA and 1.1% for BIMA patients; P < 0.0001). It is interesting to note that significantly more SIMA patients experienced prolonged ventilation periods >72 h than BIMA patients (P = 0.005). The incidence of other major morbidities such as cerebrovascular events (CVEs) including permanent stroke, new onset of atrial fibrillation, renal insufficiency requiring dialysis, gastrointestinal tract complications and pneumonia did not differ between the two groups.
Observed 30-day operative mortality was 1.2% for both cohorts, and the observed/estimated (O/E) ratio for mortality was 0.57 for SIMA and 0.6 for BIMA patients. Observed mortality and morbidity were 10.5 for SIMA and 10.1% for BIMA patients, with no statistically significant difference between the two groups, while the O/E ratios were 0.95 for SIMA and 0.94 for BIMA patients.
We also performed a subanalysis of diabetic patients from the propensity-matched cohort. There were 1955 diabetes patients who received CABG with SIMA and 1935 patients with BIMA, and the preoperative profiles summarized in Table 5 were similar except for cardiac symptoms (Canadian Cardiovascular Society III and IV: SIMA 27.1 and BIMA 23.9%; P = 0.025), the prevalence of greater than moderate mitral regurgitation (MR; SIMA 1.9 and BIMA 1.0%; P = 0.021) and a higher rate of betablocker medication (SIMA 30.4 and BMA 35.8%; P = 0.0001). Expected 30-day operative mortality and expected mortality plus morbidity were similar in both groups. Short-term results are presented in Table 6 , with the tendency of postoperative complications quite similar to what was observed in Table 4 , with significantly higher incidences of DSWI in BIMA patients and SVGWI in SIMA patients as well as a slightly higher rate of postoperative renal failure in SIMA patients.
DISCUSSION
The advantage of using BIMA has been highlighted in recent years because of its apparent survival benefit and fewer postoperative care problems according to previous reports. There is only one prospective, randomized control trial comparing BIMA and SIMA [11] , although several comparative studies have been conducted on SIMA and BIMA clinical results, including long-term follow-up data and short-term outcomes, using propensitymatched analyses [1-3, 12, 13] . As far as we could determine, our study is the largest propensity-matched analysis on operative outcomes for isolated CABG comparing short-term results of SIMA and BIMA. In most of the earlier reports, patients were matched using as many as 20 factors, but the two cohorts in this study were matched with >40 preoperative status factors. Whether patients received on-pump or off-pump CABG in terms of their operative procedure also was balanced with off-pump CABG being the predominant procedure. Patients in both groups were quite homogeneous except for the pattern of IMA use, and our results may well reflect the influence of the actual graft choice. 
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Mortality and morbidity
Preoperative characteristics of patients in our study were slightly different from those described in other reports, with a higher prevalence of diabetes, prior CVEs, peripheral vascular disease and end-stage renal failure requiring haemodialysis, but a lower prevalence of chronic obstructive pulmonary disease and unstable angina. Another finding unique to our study population was the very high rate of off-pump procedures performed on patients in Japan. The preoperative background of patients was well matched according to similarly expected 30-day operative mortality rates using the JapanSCORE for both cohorts, and the mortality rates observed were the same at 1.2% for each group. We speculate that the pattern of IMA use, therefore, did not have much, if any, impact on early patient mortality. This was also the case for overall mortality and morbidity. Observed mortality was compatible with other reports; however, we cannot simply compare datasets because patient backgrounds varied among the study analyses and it is generally impossible to adequately calibrate for a neutral comparison involving different research settings.
Sternal wound infection
DSWI is one of the major postoperative complications following CABG, and the effect of BIMA use is always a matter of interest. The incidence of DSWI has previously been reported within the 1-2% range, with the lowest rate being 0.3% [1] and the highest being 13% when IMAs were harvested with pedicle grafts [14] . A history of diabetes and the method of harvesting IMAs are the two factors most often discussed in connection with this issue [4, 6, [14] [15] [16] with no definitive evidence presented in previous reports. The incidence of DSWI in our study was relatively high compared with earlier reports, but this may at least be partially attributable to the high prevalence of diabetes in our two cohorts. In fact, the subanalyses with diabetic patients provided a clear affirmative answer as to the issue of a possible relationship between the prevalence of diabetes and the higher incidence of DSWI in our research. The method of harvesting IMAs could also be another influencing factor, but our database did not capture detailed information on whether IMAs were harvested using clips, electrocautery or an ultrasonic vibrating scalpel. In addition, a considerable number of primary surgeons were involved, and the level of surgical performance may have varied considerably, which could have had some impact on the higher incidence of DSWI in BIMA patients. Surgical site infections other than DSWI were often observed where SVG harvesting was performed in the lower extremities. The incidence of SVGWI was 2.3% in SIMA patients, which was higher than for BIMA patients and similar to the incidence of DSWI in the BIMA group. Postoperative problems with leg wounds sometimes require frequent attention at an outpatient clinic, which can become quite burdensome for certain patients. Although this does not directly lead to a life-threatening situation, surgeons should take this issue into account in selecting the conduits for CABG.
Cerebrovascular events and anastomosis-assist devices
Another unique finding in this study was the frequent use of anastomosis-assist devices in 41.3% of SIMA and 18.4% of BIMA cases. In addition to the aortic no-touch technique, less-invasive manoeuvres to the aorta, including aortic cross-clamping and side-clamping, were applied in approximately 50% of the patients in both groups. Previously published reports have indicated that avoiding the use of a clamp on the ascending aorta reduces CVEs [17] , and certain types of such devices may lessen the incidence of CVEs and microembolization [18, 19] . Our study results indicated that the frequent use of these types of devices together with the aortic no-touch technique may have lessened the incidence of CVEs, particularly in SIMA cases, so the actual incidence did not differ between the two cohorts. While recognizing the benefit of such devices, we also have to keep in mind 
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A. Saito et al. / European Journal of Cardio-Thoracic Surgerythat they are expensive and cost-effectiveness needs to be assessed in determining their appropriate use. The only clinical disadvantage of BIMA use demonstrated in our study was a significantly higher rate of DSWI, while there were no disadvantages in terms of short-term survival. In contrast, SVG site infection was significantly higher in the SIMA group, and there was a somewhat higher rate of renal insufficiency without the necessity of haemodialysis. Although higher SVG site infections in the SIMA group would not necessarily be directly connected to short-term mortality, such infections would sometimes require a longer recovery period and could adversely influence an individual patient's degree of satisfaction with surgery.
Study limitation
Our study primarily focused on detailed short-term outcomes and did not include long-term results, because the data used were an accumulation of the clinical results from 210 cardiac surgical units located throughout Japan. Providing 100% data submission to the JACVSD under third-party surveillance has only been achieved so far for short-term results; however, it is anticipated this national database will include long-term followup data in the future, allowing for an analysis of long-term outcomes.
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APPENDIX. CONFERENCE DISCUSSION
Dr M. Jasinski (Katowice, Poland): Tremendous effort is needed to perform such a comparative study of bilateral mammary artery versus single mammary artery and the Japanese Society should be commended for its database. I have one comment and one question. My comment relates to deep sternal wound infection. It is more or less the same result which was achieved in the ARTs randomized trial. However, an interesting fact is that although your study had much more non-invasive treatment of the aorta in the BIMA group, you didn't discover any differences in neurological complications. So in spite of all the efforts with BIMA and off-pump surgery, it didn't give an advantage over the SIMA strategy in terms of neurological complications. Could you explain that? Dr Saito: About the neurological complications using BIMA, I think I actually expected a higher incidence of neurological complications in patients who had undergone bypass surgery than with the SVG patients, because we had to clamp the ascending aorta or use a side-biting clamp and so forth, but actually there was no difference in this event rate.
Another interesting finding, which I already discussed in the paper, was that we didn't use clamping to the ascending aorta that frequently which might have lessened the incident rate. In using bilateral IMA, we are trying not to touch the ascending aorta which really has the benefit of avoiding cerebrovascular events. So I still think as at the beginning in doing bypass surgery using the bilateral IMA, we are basically trying not to touch the aorta, which I believe is the primary benefit of doing this procedure, along with the long-term benefits. Interestingly, we can also avoid touching the aorta by using anastomosis-assist devices, and I think that's the new finding from this analysis. 
